Background: The inclusion of toys in food packages is a common marketing practice, and it is suspected of promoting obesogenic behaviours. This study aimed to determine whether toys packaged with food are indeed increasing the amount of food eaten by children, and if this effect is enhanced by contemporary exposure to TV and/or advertising.
Introduction
There is growing concern regarding the rapidly increasing rate of obesity in childhood, which has become epidemic in some areas and is on the rise in others, with an estimated 17.6 million obese children worldwide; particularly, there are increasing trends in emerging economies. The early onset of obesity, which is a major risk factor for a number of non-communicable diseases, including diabetes mellitus, coronary heart disease, hypertension and some forms of cancer, needs to be addressed with high-impact strategies for prevention and, where this fails, with clinical management [1] [2] [3] . Specific attention has recently focused on limiting inappropriate (in amount and typology) caloric intake within a context defined as an "obesogenic environment" of childhood, which is an environment where TV viewing, advertising, marketing strategies promoting food associated with gadgets and snacking are identified as possible risk factors [4] [5] [6] [7] .
Recent literature and scientific research has therefore focused on television and advertising and assessed their influence on children's eating behaviours, with results showing an increased daily caloric intake. Ample studies investigating the effects of TV viewing on total energy intake have concluded that there is a positive effect of increased screen time on energy intake in children and adolescents [8, 9] . Other studies have considered the short-and long-term effects of advertising on children's food intake and the promotion of unhealthy diets [4, 10] , demonstrating a causal link between food consumption and television exposure and advertising [7] . Snacking during screen time is often associated with high, energydense products, therefore undermining the healthy balance of energy intake [11, 12] . In addition, other studies suggest the existence of a specific gender effect in the sense that boys seem to be more susceptible to food cues than girls [13] . There is also growing evidence that children with greater exposure to commercials appear to be more responsive to food promotion messages than children with lower previous advertising exposure [14] .
In this context, a long-standing yet under-investigated factor that might influence energy intake is the promotion of food to children in association with gadgets, usually toys, aimed at capturing the attention of the child and increasing loyalty to the brand or product; this could be related to obesogenic effects [12] . Considering the possible link between gadgets and an obesogenic effect, a recent ordinance in the U.S.A. was implemented to prohibit the distribution of toys and other incentives to children in conjunction with meals, foods, or beverages that do not meet minimal nutritional criteria [15] .
The debate over such regulatory measures is ongoing in several other countries as well, both in established and emerging economies. In Latin America, where obesity is an emerging trend, particularly in children, the need for regulatory proposals grounded on strong evidence has faced a lack of experimental information on the behavioural factors related to obesity. In such geographical areas, decision makers often refer to evidence translated from experimental studies that are usually performed in North American or, more generally, that refer to an Anglo-Saxon cultural setting [4, 5] . Such studies are indeed designed to detect an excess of caloric intake under certain experimental conditions, particularly exposure to TV watching and snacking, advertising or branding [4, 5, 10, 12, 16] .
To fill this gap, a wide experimental study has been conducted in three Latin American countries (Mexico, Brazil and Argentina) that are facing a steep growth in obesity rates in children (with obesity rates of 41.8% [17] , 22.1% [18] and 19.3%, respectively [19] ). The primary aim of this study was to assess whether including toys in food packages increases the amount of food eaten by children during a snacking occasion.
Given the abovementioned evidence of the role of TV and advertising in promoting an excessive consumption of (branded) food in children [20] , the children were also exposed to TV and advertising during the experimental sessions, to adjust for both their potential confounding effects and their intrinsic relevance as intervening factors.
This resulted in a factorial study design, which, at the price of a certain logistical and analytical complexity, aimed in a controlled situation to evaluate the effects on the amount of snacks eaten by the children when the children (i) had food presented with toys in the package, (ii) were exposed to TV when snacking, (iii) were exposed to advertising (at an increasing intensity during TV exposure) and (iv) had potential interactions from a combination of all these factors.
Materials and methods

Design
The experimental study was a 2x5 full factorial ad libitum eating design. The first factor was represented by exposure to the toy during the experimental session and was organized on two levels: "food with toy" (Toy) or "food alone" (NoToy). The second factor was exposure to TV and advertising during the experimental session and was organized in five levels: "no exposure to TV" (NoFilmNoSpot), "exposure to TV without advertising" (FilmNoSpot), "exposure to TV and one advertisement" (FilmLowSpot), "exposure to TV and two advertisements" (FilmMediumSpot) and "exposure to TV and three advertisements" (FilmHighSpot).
The sample size was computed with reference to an alpha equal to 0.05 and a power of 0.90, which was aimed at detecting at least a difference of 20 Kcal of caloric intake (assuming an equal standard deviation in the two groups of approximately 10 Kcal) between the two groups "food with toy" (Toy) and "food alone" (NoToy) in each of the 10 randomization cells.
Participants
Six-hundred children were estimated to be necessary to accomplish this study's goals. The sample was equally balanced between males and females ranging from 3 to 10 years old. Children were studied in 3 different Latin American countries: Argentina (120 children), Brazil (360 children) and Mexico (120 children). Children were enrolled in a school setting in each of the countries involved in the study, all of which were in metropolitan areas: Buenos Aires (Argentina), Fortaleza (Brazil) and San Louis Potosí (Mexico). The schools were of a middle socio-economic level. Limited percentages of the children had previously been exposed to the experimental product either via advertising or by personal experience (between 5% in Brazil and 10% in Mexico). Children with cognitive disorders or metabolic diseases or allergies to the products offered during the experimental session were excluded. Parental informed consent was obtained for all children prior to each child's participation in the study. Participant treatment followed the experimental and ethical guidelines issued by the American Psychologist Association. Appropriate permission was obtained by the Institutional Review Boards.
Randomization Procedure
Each child was randomized to one of the 10 cells of the full-factorial design, and the randomization was administered by ad hoc software integrated with the data collection and study conduction software system. The randomization was subdivided by age (two groups of children 3-6 and 7-10 years old) and by gender (male and female) to ensure a complete balance of the two potential confounding factors.
The children were evaluated during the afternoon break in a quiet room within the school buildings. The schools had a consistent pattern of programmed physical activity, and they were instructed to give the same meal to all the children participating in the study. The parents were asked not to assist during the session; if they refused, they were required to sit at a rear position in order to fill out the parent questionnaires without being seen by the children, who were sitting at a table facing a monitor (if applicable, according to the group to which they had been randomized). The children were videorecorded through two hidden HD cameras positioned to record frontal and side images, while the investigator assumed a back-screen position to easily accommodate the children's requests without putting any pressure on the children's performances.
The film was a non-spoken (but not silent) cartoon lasting approximately 22 minutes. The choice of this type of cartoon was made in order to avoid any language bias that might have arisen based on the multicultural sample (the children spoke Portuguese in Brazil and Spanish in Mexico and Argentina, although with different accents). The principal protagonist was the Disney character Pluto©. The movie consisted of a set of episodes, in accordance with previous studies [7, 21] . Following the setting adopted in other studies [7] , the commercials referred to the product given to the children and lasted 30 seconds and were in the countryspecific language. Every commercial presented during the movie was different from the previous one with a maximum of three different commercials for the children randomized to that specific group.
The children were evaluated at the first meeting in order to record their BMI and basic characteristics. At the second meeting, the IBAI (International Brand Awareness Instrument) questionnaire [22] (short version) was administered to the children by the interviewer. When the IBAI assessment was fully completed, the interviewer explained the progression of the study to the child. All of the steps are presented in Figure 1 .
The snack provided for the study was a chocolatebased product mimicking an Easter egg, characterized by the presence of food (chocolate) on one side and a small toy on the other. The product, a standard commercial product available in Europe and other countries, was chosen for two reasons: (i) to evaluate the influence of the toys, it was necessary to have a product with various types of toys combined routinely with the snack in a single, easy-to-handle product, and (ii) the particular selling combination of the snack allowed for precise weighing of the contents, both before the study in order to assess the starting point and after the child had eaten, giving an accurate estimate of the number of calories consumed by every child. The nutritional characteristics of the products are presented in Table 1 .
The half of the snack containing the chocolate was weighed and then offered alone to the children randomized to the NoToy group, whereas in the Toy group, the chocolate was given combined with the part containing the toy. In both cases the same snack was thus offered, for an amount of 109 Kcal each. If the child was assigned to a TV-exposure group, the movie was started at the time of the first offering of the snack to the child and not interrupted for any reason. After the first snack, the experimenter was allowed to present additional snacks, one at a time (always waiting for the child's request). Each child was allowed to eat ad libitum up to a maximum of 12 snacks over the 22-minute time slot. The offering of the snack was performed using a predeveloped protocol as a way to control the influence of the investigator on the child as much as possible. The protocol specified the way the investigator was supposed to interact with the child both verbally (i.e.: smiling, kindly asking but not pushing for additional snacks, …) and by gestural approaches (i.e.: how far from the child the snack was offered, in which position with respect to her/his eyes, …).
Once the experimental session ended, the experimenter weighed the chocolate residues for each product, recording all weights in the study software. All of the sessions were digitally recorded for subsequent examination and data quality assurance.
Measures
Socio-Demographic variables
During the first meeting, the basic characteristics of the children were recorded by the study conductors. The children were weighed and measured in light clothing and without shoes on an electronic stand-up balance scale and with a rigid metric belt. The measurements were taken with the child's back against the wall with the back of the feet touching the wall and with a straight angle formed between the wall and the floor. A straight surface was then placed over the child's head, and a mark was fixed on the wall, which was the initial point. Weights and heights were utilized to calculate the BMI values, according to CDC Pediatric Growth Charts [23] . The BMI z-scores were computed for each child [24] . Additional information on the presence of any allergy was recorded during the first meeting.
The questionnaire given to the child's parents was divided into two sections. The first section was aimed at determining the socio-demographic characteristics of the entire family. It included questions about the parental educational level, the BMI of the parents and siblings, and a detailed set of queries covering the principal meals and basic physical activities performed within the family. Questions on the child's eating habits were introduced in the second part of the questionnaire to assess the TV viewing habits and the physical activity habits of the children and their families.
Brand awareness
A validated questionnaire to assess the child's brand awareness, the IBAI questionnaire [22] , was utilized in this study [22] . The questionnaire was composed of 12 images of food products on the market, including both international and country-specific products. The children were asked to recognize the brand by matching it to an image chosen from 4 different options. At the end, the interviewer questioned the child on the specific name of the product. Brand Awareness Scores (IBAIscore) could range from a minimum of 0 to a maximum of 36 points. A cut-off value of 16 points was used to define two groups: low brand awareness children (<16) and high brand awareness children (≥ 16) [22] .
Snack weighting
At the beginning of the study, every snack was assigned with a specific code and weighed in order to record the data within the software used for the study. At the end of every session, each snack eaten by the child was weighed once again to calculate the weight difference in terms of the amount eaten. All weights were collected by the mean of an Acculab© precision weighing scale with the capacity of 510 g and 0.1 g readability.
Statistical analysis
A basic exploratory data analysis was performed on the sample and was reported using the median (I-III quartile) for continuous variables and the percentages (absolute numbers) for categorical variables, as appropriate.
The main analysis was based on a linear model where the subdivided factors (i.e., Gender and Age in two classes according to the randomization procedure, Toy, FilmSpot and the interaction between FilmSpot and Toy) have been inserted in the model. This was the base model used in the analysis. Specific investigations on single factor-level effects were conducted using the appropriate linear contrasts.
To check for additional confounding factors, six models were developed. In each model, variables were added to the base model, leading to the following hierarchical models, indicated as Base, M1, M2, BA (Brand Awareness), M3, M4: Each model was individually evaluated, selecting among the candidate variables by using the AIC criterion in a backward fashion, which forced the inclusion of the design variables in each of the models. Thus, for each model, the significance of the main experimental factors (Toy, FilmSpot and Toy-FilmSpot interaction) was assessed.
In addition, children were identified as "high consumers" if their caloric intake during the experimental session exceeded the top quartile of the observed distribution. The variables related to the probability of being a high consumer were modelled using a logistic regression model and selected via the AIC criterion in a backward fashion.
The analyses were performed using the R System [25] .
Results
Sample characteristics
Characteristics of the sample are provided in Table 2 .
Overall energy intake of children
The median value for energy intake was 234.08 Kcal, roughly corresponding to a median of 2 snacks for each child. The median values for energy intake and glycaemic load are presented in Table 3 . The energy intake recorded in each country was not significantly different among the three countries.
Effect of toy alone or combined with TV viewing and advertising
Data on the energy intake for the specific study factor subgroups are presented in Table 4 . No significant associations between energy intake and the toy being present were found (p = 0.285). No significant associations were found with movie exposure and advertising exposure (p = 0.393).
The interaction between the variables Toy and TV was also assessed. The highest energy intake was recorded in the Toy-NoFilmNoSpot group, but the interaction was not significant. The crude effect of the variable Toy can be observed in the NoFilmNoSpot subgroup, with no significant difference between the two groups ( Table 4) .
After adjustment for all of the potential confounding factors described, no significant association was confirmed in terms of energy intake between the variables Toy or TV viewing or their interaction. All data are presented in Table 5 .
High consumer
The top quartile of energy intake corresponded to 349.48 Kcal. This value has been chosen as the cut-off to identity the subgroup of the 150 children with the highest energy intakes during the experimental session. Table 6 shows the main characteristics of these "high consumer" children. At the multivariable analysis level, no significant associations were found for the experimental factor Toy (p-value 0.486), the factor Film Exposure (p-value 0.218) or their interaction (p-value 0.996) with the "high consumer" status. The only variable associated with this status turned out to be the country of the children. Taking Argentina as a reference, the odds ratio (OR) was 6.01 for Brazil (95% C.I. 2.94-12.28) and 2.92 for Mexico (95% C.I. 1.29-6.62).
Discussion
The first hypothesis that toys might have an effect on increasing energy intake in children was not supported by our results. The median consumption was not significantly different in the two subgroups, Toy and NoToy, and this result was confirmed in all of the countries studied. The second aim of the study was to assess a potential boosting effect of TV viewing on the mere gadget effect in increasing energy intake. The results did not confirm this second hypothesis either. Similar conclusions can be made when considering the influence of advertising, which showed no effect, even at an increasing level of exposure, on energy intake in any of the observed countries. Given the rejection of both hypotheses, the authors of this study performed an in-depth evaluation of the "higher consumer" subgroup to detect any differences in behaviour with regards to the considered objectives of the study. This analysis showed that belonging to a specific country was the only factor influencing an increased energy intake, confirming the conclusions above based on the general sample.
Interaction with TV and advertising
Previous research on the effects of advertising, including a study by Boyland [26] , has shown significant increases in energy intake due to the exposure to specific advertisements, particularly in overweight and obese children, as well as on the effect of TV screening time, acting as a sedentary replacement for physical activity [27] . Based on these results, the authors evaluated the potential effect of these two additional factors on the specified outcome.
The effects of TV viewing and advertising on snack consumption were investigated according to the snack that the children were presented with. The objective was to understand whether the present study was aligned with other studies on the potential role of visual media in increasing total energy intake. Unlike previous studies that reported an association between television viewing and an increase in caloric intake [8, 28] and found a positive association between advertising exposure and energy intake [14, 29] , the children in this particular sample did not increase their intake of snacks while watching TV or when they were subjected to the high-advertisement conditions. Previous studies reported a subtle and potentially far-reaching effect of food advertising on eating behaviours that may occur outside of the participants' intention or awareness [30] . In our research, the children did not appear to be influenced by the advertisements, even when the interactions were evaluated after adjustment for several potential confounding factors, such as the parents' BMI, the brand awareness score, the physical activity level or the number of hours of TV viewing. These results, although gathered from an experimental study rather than a real-life scenario, highlighted the fact that, as noted by Goris and colleagues, the contribution of TV advertising of foods and drinks in altering a child's energy intake differs distinctly by country [31] .
The interaction between the presence of the toy and TV and advertisement viewing was also not significant. In the subgroup analysis of those who were not selected for TV viewing (the NoFilmNoSpot group), representing a "TV-free" experimental context, the level of consumption in terms of caloric intake was not significantly related to the presence of the toy.
The cultural environment
The in-depth analysis performed separately on the three countries under study contributes additional insight beyond the original hypotheses. Although not significantly different, the children's behaviours were not consistent across the countries. When considering the average energy intake, Argentina presented the lowest levels, with Mexican and Brazilian children eating 1.5 times as much as their Argentinean peers, on average. Country was the only risk factor associated with an augmented intake of snacks; there was no association between the presence of the toy and the increased intake of calories, according to the number of snacks eaten by the child in this ad libitum study. Unlike previous studies set in a single country [5, 16] , children responded with a general lower awareness when questioned on brand, even when 
Study Limitations
Although all results were confirmed after adjustment, showing strong consistency, there are several limitations to the study. First, these results refer to an experimental setting and need to be validated in real-life scenarios. However, the choice of an experimental setting allowed us to eliminate a wide variety of biases that could decrease the power of the study. Second, the children could possibly have been aware that the study related to food/body weight because, for logistical reasons, the anthropometric measures were taken before the experimental session. Additionally, the children took part in the study by sitting at a table and being observed by an investigator and interacting with her/him for getting more snacks; all of these factors could potentially have inhibited their behaviour. However, there are no a priori reasons to think that this mechanism would have acted selectively on one group more than another. Thus, if bias occurred, most likely it would have been spread out across the groups equally. Third, there was no possibility for the children to choose between different types of snack, given the a priori decision to use a single type of snack that was adequate for the research objectives and measurements. The children enrolled in the study might have been limited by the lack of choice in the ad libitum snacking setting. Further research involving a broader choice of products will provide a deeper understanding of the children's behavioural perspectives in afternoon snacking. Finally, the product used in this experimental study is on the border of the definition of gadgets and food because it is a derivation of the traditional "Easter egg", in which toys and chocolate are present simultaneously (the definition of the product itself ).
Final remarks
Our results showed that the presence of a toy or a toy packaged and sold with a child's snack did not alter the amount of the item consumed in a Latin American context. In a broader context, our results advocate the need for multi-cultural and cross-cultural research. Indeed, for a full understanding of the association between obesity and its risk factors, in-depth research is necessary in different scenarios to provide the best evidence for decision makers and the basis for prevention in evidencebased strategies rather than focusing on single factors without the recognition of their mutual influence. Moreover, from a public health point of view, effective interventions to improve health and nutritional status need to be grounded on culturally appropriate evidence. The work of the coordinating centre was partially supported by an unrestricted grant from the University of Padova, and the work of the participating centres from Argentina and Brazil was supported by an unrestricted grant from Prochild ONLUS (Italy). The work in Mexico was partially supported by an unrestricted grant from the Italian Ministry of Foreign Affairs under the program "Programmi di alta rilevanza scientifica e tecnologica Italia-Messico". The study group gratefully acknowledges Ferrero Inc. for having provided all the experimental food and toys free to the experimenters. Values for the categorical variables are expressed as a percentage (absolute numbers in parenthesis) and those for the continuous variables as the median (I quartile / median / III quartile).
